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ABSTRACT 

Context. Open clusters are known as excellent tracers of the structure and chemical evolution of the Galactic disk, however, the 
accuracy and reliability of open cluster parameters is poorly known. 

Aims. In recent years, several studies aimed to present homogeneous open cluster parameter compilations, which are based on some 
different approaches and photometric data. These catalogues are excellent sources to facilitate testing of the actual accuracy of open 
cluster parameters. 

Methods. We compare seven cluster parameter compilations statistically and with an external sample, which comprises the mean 
results of individual studies. Furthermore, we selected the objects IC 4651, NGC 2158, NGC 2383, NGC 2489, NGC 2627, NGC 6603, 
and Trumpler 14, with the main aim to highlight differences in the fitting solutions. 

Results. We derived correction terms for each cluster parameter, using the external calibration sample. Most results by the compila¬ 
tions are reasonable scaled, but there are trends or constant offsets of different degree. We also identified one data set, which appears 
too erroneous to allow adjustments. After the correction, the mean intrinsic errors amount to about 0.2 dex for the age, 0.08 mag for 
the reddening, and 0.35 mag for the distance modulus. However, there is no study that characterises the cluster morphologies of all 
test cases in a correct and consistent manner. Furthermore, we found that the largest compilations probably include at least 20 percent 
of problematic objects, for which the parameters differ significantly. These could be among others doubtful or unlikely open clusters 
that do not facilitate an unambiguous fitting solution. 

Key words, open clusters and associations: general — Galaxy: fundamental parameters 


1. Introduction 

Open star clusters are traditionally used as probes of the struc¬ 
ture (Janes & Adler 1982) and chemical evolution (Magrini et al. 
2009) of the Galactic disk. These groups of stars are particu¬ 
larly suitable tracers for two main reasons. First, they are spread 
all over the disk and span the entire disk lifetime. Second, their 
fundamental properties (age, distance, metallicity, and redden¬ 
ing) can be derived in a statistical manner, which, in principle, is 
more solid than for individual stars if one assumes that all cluster 
stars are born at the same time and in the same Galactic volume. 

In the last couple of decades, several photometric surveys 
or catalogues significantly increased the amount of data, and 
the number of open star clusters (or candidates) in the Milky 
Way: for example, ASCC-2.5 (Kharchenko 2001), SDSS (Alam 
et al. 2015), 2MASS (Skrutskie et al. 2006), or VVV (Saito et al. 
2012), to mention just a few of them. This dramatically changed 
the approach of the study of these objects, which can only be 
conducted on an individual cluster basis for a few particularly 
relevant objects. 

As a consequence, several compilations of parameters started 
to appear in the literature, which were derived using some semi¬ 
automatic tools. Some of these compilations include parameters 
for hundreds or even thousands of open clusters. It is obvious 
that the time spent on each object is quite limited. This also af¬ 
fects the usual careful by-eye inspection and consultation of the 
literature. Therefore, a proper comparison of the methods and 
results is of importance. 


These methods typically start from the distribution of stars in 
the colour magnitude diagram (CMD) and fit with isochrones to 
simultaneously derive age, distance, and reddening. No effort is 
normally paid to explore the metallicity space, however, most of 
the open clusters are, within the errors, solar abundant (see e.g. 
Heiter et al. 2014). More sophisticated methods add on kinemat¬ 
ics, some statistical cleaning of the CMD, and an analysis of the 
spatial distribution of the stars. The degree of the automatisation 
is quite different, although a visual inspection of the results and 
some manual interaction are always included. There is no work 
yet with a large open cluster sample that relies completely on 
automatic pipelines. To our knowledge, Perren et al. (2015) first 
presented a suite of tools that allow a fully automated analysis, 
but so far it has been applied to a limited number of objects. 

While the potentials of these homogeneous compilations are 
obvious, difficulties arise when inferred parameters for a given 
cluster from different methods or data sources are compared and 
found very discrepant, thus mining the reliability of the various 
underlying techniques. 

In this paper, we perform a comparison of seven of these 
compilations with the main aim to highlight differences in the 
fitting solutions. Additionally, we present a few test cases (IC 
4651, NGC 2158, NGC 2383, NGC 2489, NGC 2627, NGC 
6603, and Trumpler 14) to show how the assistance of an even 
quick by-eye inspection and a proper consultation of the litera¬ 
ture can help enormously to avoid unpleasant mistakes. Further¬ 
more, we compare the compilations with results from individual 
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studies to derive correction terms and the errors for all parame¬ 
ters. 

The paper is organised as follows: Sect. 2 presents an 
overview of studies that provide large sets of open cluster pa¬ 
rameters. In Sect. 3, we compare the results of the studies to the 
largest compilation and present some basic statistics. In Sect. 4, 
we discuss the results for some selected open clusters on the ba¬ 
sis of the CMDs, and discuss global differences in the isochrone 
fitting procedure. Section 5 compares all studies with the mean 
results of individual studies, and presents correction terms for 
the parameters and an error analysis. Finally, Sect. 6 concludes 
the paper. 

2. The data compilation 

Several works have investigated a large number of open clusters 
in a homogeneous way, at least in respect to the interpretation 
of the CMD. However, different data sources were used, either 
photometry in the visual compiled from different papers or all¬ 
sky, near-infrared (NIR) 2MASS measurements (Skrutskie et al. 
2006). 

In the following, we discuss the approaches of the consid¬ 
ered studies (also named as surveys later on). Furthermore, we 
present an overview in Table 1, listing the size of the respective 
samples, photometric systems, isochrone sets, metallicity, and 
extinction ratios. 

The analysis by Bukowiecki et al. (2011, hereafter Bll) is 
based only on 2MASS, J versus {J - K^) diagrams. A statistical 
cleaning procedure was applied using the information of stars 
in the vicinity of the cluster area as described in Bica & Bon- 
atto (2005). Stars that were found to be outliers from the main 
sequence (MS) and red giant clump were removed by hand af¬ 
ter visual inspection. The distance modulus, reddening, and age 
were derived by fitting isochrones, which were shifted in both di¬ 
rections in the CMD with a step of 0.01 mag. The solution giving 
the smallest was taken as the final solution. 

Glushkova et al. (2010) and Koposov et al. (2008), hereafter 
GIO, used the data from 2MASS and for some fainter objects the 
data from the UKIDSS Galactic Plane Survey (Lucas et al. 2008) 
to derive J versus (J-H) and versus {J-K^i) diagrams. Beside 
the CMDs, the Hess-diagrams, which also represented the spa¬ 
tial density of stars in the CMD, were applied. They performed 
a search for new open clusters in the Galactic disk i\b\ < 24°) 
and determined their parameters. Their sample is biased towards 
old ages, larger reddening values, and distances larger than 1 kpc 
from the Sun. 

We merged the cluster parameters published by Kharchenko 
et al. (2005a,b, hereafter K05), resulting in 650 open clusters. 
The estimation of cluster parameters is based on the ASCC-2.5 
catalogue (Kharchenko 2001). It includes proper motions and 
Tycho-2 photometry, which is transformed to standard Johnson 
B V magnitudes. The catalogue is limited to V < 14 mag with a 
90 percent completeness at F « 11.5 mag (Hpg et al. 2000). K05 
concentrated on post-MS isochrones because the CMDs of many 
clusters in their sample present the evolved portions of the upper 
MS, and the pre-MS, observed at relatively faint absolute magni¬ 
tudes, should not been visible in the cluster diagrams. As a first 
step, the distance and reddening were evaluated using values pri¬ 
marily from the literature, most of them from Loktin et al. (2001, 
and private communication). For about 200 clusters, they deter¬ 
mined or revised cluster distances and reddening on the basis 
of supplementary data on spectral classes of the most probable 
members available from the ASCC-2.5 and the Tycho-2 Spec¬ 
tral Type Catalog (Wright et al. 2003). The standard relations of 


Schmidt-Kaler (1982) and Straizys (1992) were used to fit the 
MS. The individual age of the stars was then derived from their 
locations in the CMD with respect to the isochrone grid. The 
final cluster age is the mean of all individual values. 

Kharchenko et al. (2013, hereafter K13) derived the cluster 
parameters using 2MASS photometry and the kinematic data of 
the PPMXL catalogue (Roeser et al. 2010). The method is based 
on that of K05, but for the JHK^ domain. The description is 
presented in Kharchenko et al. (2012). They introduced quality 
criteria for the photometry and proper motion data. The inter¬ 
stellar reddening was determined with the help of a (// - K^) 
versus i J - H) diagram and checked with the Q-method for 
2MASS photometry. For the determination of the cluster dis¬ 
tance, isochrones were fitted to the versus (7 - H) and ver¬ 
sus iJ - Ks) diagrams. They found a shift for (J - H), which was 
typically of about a few hundreds of magnitude varying from 
cluster to cluster. It was corrected by an empirical correction AH 
for each cluster. The ages of older clusters were determined by 
averaging the ages of the turn-off (TO) stars. The age determina¬ 
tion of younger clusters was carried out with the isochrone fitting 
technique. The authors note that the pipeline was run by and un¬ 
der control of a single team member, the first author, to keep the 
results as homogeneous as possible. They provide cluster param¬ 
eters for 3006 objects in total, also including young associations 
or globular clusters. Besides the membership probabilities de¬ 
rived from proper motion data, they also list membership values 
for each star based on photometric colours. 

Loktin et al. (2001, hereafter LOl) used data in several pho¬ 
tometric systems to derive the cluster parameters. Each photo¬ 
metric system was treated separately, and the final values were 
weighted and averaged. The weighting depends on the photo¬ 
metric system and on the number of available measurements and 
data quality. For the UBV data, the reddening was determined 
using the Q-method (Johnson & Morgan 1953) and standard re¬ 
lations by Kholopov (1981). The distance and age were derived 
by fitting isochrones taken from Bertelli et al. (1994). The choice 
of metallicity is not listed, but it is most likely the solar value Z = 
0.020. For the B V data, all three free cluster parameters were de¬ 
termined simultaneously by fitting isochrones. From DDO pho¬ 
tometry, only the reddening and distance were determined using 
the method and standard relations from Janes (1975), valid for G 
and K-type giants. For the uvby/3 system, isochrones were trans¬ 
formed from the UB V system and then fitted. For the metal¬ 
licity, nearly solar is given, but without any specific value. For 
the RGU system, again, the Q-method and the standard relations 
from Steinlin (1968) were applied. The final mean distance mod¬ 
uli were shifted by 0.153 mag to bring the distance scale in accor¬ 
dance with the adopted Hyades distance modulus of 3.42mag. 
For our analysis, we have corrected for this shift. 

Tadross et al. (2002, hereafter T02) updated the cluster pa¬ 
rameters published by Tadross (2001). They were using John¬ 
son UB V CCD measurements for 160 open clusters (55 of them 
have only B V data) taken from the literature until 2000. The de¬ 
tailed list of references for each cluster is listed in Tadross (2001, 
Table 1). For the determination of the reddening and distance 
modulus, the standard relations by Schmidt-Kaler (1982) were 
taken. Evolved stars (neither the corresponding spectral types 
nor luminosity classes are listed) were excluded from the fitting 
procedure. The effect of differential reddening was taken into ac¬ 
count using the method of Burki (1975). Einally, the age of the 
cluster was estimated using isochrones. 

There is an extensive series of papers (Tadross 2008a,b, 
2009a,b, 2011, 2012; Tadross & Nasser 2010; Tadross et al. 
2012) by the working group of A.L. Tadross (hereafter T08) 
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using 2MASS, JHK^ photometry to derive cluster parame¬ 
ters mainly of, at that time, unstudied aggregates. They fitted 
isochrones to J versus iJ - H) and versus (7 - K^) dia¬ 
grams. The pre-selection of stars in the cluster area on the ba¬ 
sis of the observational uncertainties, membership criteria, and 
used values of the total-to-selective extinction ratio {Ry), is not 
the same for all of the papers. For example, Tadross (2009b) 
adopted Ry - 3.1, and Tadross (2009a) lists Ry - 3.2. The paper 
series concentrated on the analysis of previously unstudied open 
clusters and their sample is biased towards distances larger than 
1 kpc from the Sun. 

Table 1 shows that most studies rely on similar isochrone sets 
and adopted a comparable (solar) metallicity. We note that the 
isochrones by Girardi et al. (2002) and Marigo et al. (2008) are 
identical except for the asymptotic giant branch phase. Differ¬ 
ences in the results owed to isochrones are not expected among 
studies in the NIR because in the isochrone fitting procedure, 
in general, more weight is given to earlier evolutionary phases, 
such as the TO point or red giant clump. However, studies in 
the visual (K05, LOl, and T02) are possibly affected because 
isochrones by two groups are involved: Padova (P) and Geneva 
(G). 

Figure 1 shows the isochrones by Bertelli et al. (1994), Gi¬ 
rardi et al. (2002), and Meynet et al. (1993) in the {B - V)IV 
plane for some selected ages. We recall that LOl made use of 
several photometric systems, and the individual results are com¬ 
bined by weight. Therefore, the influence by a single system (or 
a specific data set) can be hardly reproduced. However, UB V is 
certainly still the dominating photometric system in open clus¬ 
ter research, and for many clusters probably the only available 
source. The studies by K05 and T02 used isochrones only for 
the determination of age, while distance and reddening were ob¬ 
tained with other methods. Therefore, for the sake of better vis¬ 
ibility, the isochrones are only shown down to few magnitudes 
fainter than the TO point. In the following, we discuss the possi¬ 
ble influence on the determination of age by a visual comparison, 
if no other shifts in colour or absolute magnitude were applied. 
The first two isochrone sets (both by the Padova group) agree 
very well for most evolutionary phases with differences of about 
0.01 mag for (B - V) or about 0.1 mag at maximum for the abso¬ 
lute magnitude My. These differences are negligible compared 
to the typical scatter in the CMD of open clusters (see e.g. Fig. 
4, 7, or 8). Larger differences are apparent along the red giant 
loop, in particular, at an age of log f = 8.0 dex. However, the de¬ 
termination of possible systematic differences of the resulting 
age is virtually impossible. It strongly depends on the number 
of cluster stars, their distribution in the CMD, and the weight 
one assigns to the position of individual red giants in the CMD 
compared to the position of TO stars. 

The red giant loop in the isochrones by Meynet et al. (1993) 
agree well with Bertelli et al. (1994), but there is a mismatch 
of the absolute magnitudes for the blue hook and the sub¬ 
giant branch. To reach a reasonable agreement between these 
branches, a younger age of about 0.1 dex has to be adopted from 
the isochrone set by Meynet et al. (1993). This difference van¬ 
ishes at an age of log f ~ 8.5 dex. The 1 Gyr isochrone by Meynet 
et al. (1993) would match the others very well by applying a 
shift of 0.05 mag to redder colours. Bringing the isochrones into 
agreement is more difficult when choosing a different age, but 
if considering the bluest turn-off colour one could argue that an 
~0.05 dex older isochrone from the set by Meynet et al. (1993) is 
necessary. We therefore conclude that there should be no signif¬ 
icant difference in the results of the age among the open cluster 
studies in the visual simply owing to different isochrone sets. 



3. Global differences between the studies 

Figure 2 shows the differences of the distance, reddening, and 
age of the investigated references. The differences are calculated 
in the sense ‘K13 - reference’ because K13 presents by far the 
largest open cluster sample and includes most of the objects stud¬ 
ied by the other groups. All diagrams are on the same scale to en¬ 
able an immediate comparison. We performed a statistical anal¬ 
ysis of the distributions of the data as plotted in Figure 2. To ac¬ 
complish this, we used the mean, mode, and standard deviation 
(SD). A comparison of the individual parameters alone is not 
sufficient. Usually, follow-up works use a complete parameter 
set or a combination, the distance and the reddening, for exam¬ 
ple, to derive the luminosity function of a cluster. The three clus¬ 
ter parameters (four if also considering metallicity) are strongly 
coupled in the isochrone fitting procedure. Thus, a wrong choice 
of one parameter affects all others as well. We therefore need a 
measure of the agreement in the three-dimensional space, which 
we call the agreement factor (AF). To accomplish this, we use 
the percentage of the clusters in common for those parameters 
that are within specific limits. We adopt the mean standard devi¬ 
ations as limit: 0.25 mag for the reddening E{B- V), 0.8 mag for 
the true distance modulus, and 0.5 dex for log t. Table 2 lists all 
parameters and derived values. 

Distance: There is a clear trend with the distance visible for 
T08. The most distant clusters in K13 are significantly less dis¬ 
tant in T08, which is also apparent in the mean value of the distri¬ 
bution. This is very probably because of the different approaches 
to interpreting the 2MASS CMD (see discussion in Sect. 4. 1). A 
similar trend might be also indicated in the data sets of B11 and 
GIO. However, most of the objects with strong deviating results 
were not studied so far on an individual basis in the visual, and 
there is also no single data entry in WEBDA. Thus, based on 
current knowledge, it is difficult to decide which distance scale 
is correct. All studies, but K05 and LOl, show large standard de¬ 
viations of almost 1.5 kpc. Therefore, the current uncertainties 
of the distance for open clusters do not allow us to use them for 
tracing the global characteristics of the Milky Way. 

Reddening: The mean of all six references is positive, which 
means that K13 overestimate the reddening in a statistical sense. 
The mean of the standard deviation of about 0.3 mag converts to 
almost one magnitude for the total absorption Ay. 

Age: For all references, there is a clear trend for the differ¬ 
ences in age in the way that many young open clusters from K13 
are significantly older in the other sources. For GIO and T08 
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Table 1. Overview of the surveys and the adopted parameters. 


Ref. 

System 

No. OC’s 

Z / Isochrone set / Group 

Ry and extinction ratios 

Bll 

JHK, 

754 

0.019 / Girardi et al. (2002) / P 

Rv = 3.1; Ay = 0.276Av; E{J - K,) = 0.52E(B - V) 

GIO 

JHK, 

168 

0.019 / Girardi et al. (2002) / P 

Rv ^ 3.\\Aj^ 0.276Av; E(J - H) ^ 0.33£(B - V) 

K05 

BV 

650 

0.019 / Girardi et al. (2002) / P 

Rv = 3.1 

K13 

JHK, 

2808 

0.019 / Marigo et al. (2008) / P 

Rv = 3.1; A^^ = 0.67 £(7 - K^)-, E{J - K,) = 0.48£(B - V) 

LOD 

visual 

424 

0.020 / Bertelli et al. (1994) / P 

Rv = 3.34 

T02 

UBV 

160 

0.020 / Meynet et al. (1993) / G 

Rv = 3.25 

T08 

JHK, 

282 

0.019 / Marigo et al. (2008) / P 

Rv = 3.1/3.2; Ay = 0.276Av; E(J - K,) = 0.488£(B - V) 


Notes. The isochrone sets are either from the Padova (P) or Geneva (G) group. LOl used various photometric systems in the visual range, see 
discussion in Sect. 2. We list here the isochrone set used by them for the UBV data. 
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Fig. 2. Comparison of the star cluster parameters for objects in common with K13. The differences are calculated in the sense ‘K13 - reference’. 
In the right-most column, the designation of the individual references (see text) and the number of clusters in common are listed. 


Table 2. Basic statistical properties of the data sets as shown in Fig. 2 


Reference 

Mean 

A Distance 
[kpc] 
Mode 

SD 

A Reddening 
[mag] 

Mean Mode SD 

Mean 

A Age 
[dex] 
Mode 

SD 

N« 

AF'’ 

Bll 

-0.025 

-0.196 

1.411 

-hO.080 

h-0.120 

0.319 

-hO.023 

0 

0.615 

718 

51 

GIO 

-hO.080 

0 

1.358 

-hO.084 

-0.001 

0.367 

-0.172 

0 

0.650 

137 

50 

K05 

-hO.004 

0 

0.525 

-hO.057 

0 

0.129 

-hO.041 

0 

0.345 

646 

78 

LOl 

-hO.068 

0 

0.795 

-hO.042 

0 

0.164 

-hO.163 

-0.177 

0.434 

413 

71 

T02 

-0.059 

-0.362 

1.496 

-1-0.043 

-0.020 

0.232 

-hO.002 

0 

0.422 

157 

68 

T08 

-hO.833 

0 

1.469 

-1-0.028 

0 

0.384 

-hO.009 

-hO.001 

0.588 

227 

38 


Notes. The number of objects in common with K13. ® The agreement factor (AF) is the percentage of objects in common for those all 
parameters are within specific limits. 
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(both included new and/or unstudied clusters), this trend even 
goes up to log t - 8.5 dex. This fact might be explained by (not) 
taking into account apparent giants as members of the respective 
clusters. For one object (NGC 2489, see Sect. 4), we noticed that 
the study by K13 has not considered red giants, although a high 
kinematic membership probability was derived for the stars. This 
could be an accidental example and does not allow for an overall 
conclusion. 

A special case is the data set of B11. There is a linear depen¬ 
dency over the complete age range with a bandwidth of about 
2.5dex. Although Bll and K13 use 2MASS photometry, the 
cause of this effect is not obvious. The large spread over the 
whole age range lead us to conclude that we are currently still 
in the same situation as described in Mermilliod (1981), who 
defined 14 age classes rather than trying to derive an exact age 
for open clusters. 

Agreement factor: This value is a measure of the overall 
agreement between different studies and methods, but does not 
imply that the results also correctly reproduce the cluster mor¬ 
phology. The compilations by K05 and LOl agree well with K13 
for more than 70 percent of the objects. However, as discussed 
in Sect. 4.1, the starting values by K13 were adopted from these 
references and have not changed much for numerous targets (see 
e.g. NGC 2383 in Fig. 7 and Table 3). The more independent 
studies, which are based on 2MASS data as well (Bll, GIO, and 
T08), show a lower agreement level of about 50 percent or less. 
However, the samples by GIO and T08 consist mainly of more 
distant and previously unstudied objects. These clusters might 
show a field star contamination that is too strong, complicating 
a correct isochrone fitting. The only independent study in the vi¬ 
sual by T02 shows a higher agreement of almost 70 percent. This 
sample includes a large number of well-confirmed closer open 
clusters. These objects probably also show a clear recognizable 
cluster sequence in the NIR. 

Numerous objects that show quite large differences for age 
and distance might be spurious open clusters as well. Targets, 
such as Antalova 2, Juchert 3, or Miller 1, are only included in 
the discussed compilations (e.g. Bll and K13), and so far were 
not studied in detail on an individual basis. Especially for poorly 
populated objects, however a detailed study is essential to con¬ 
firm the reality as a cluster. In particular, for more distant open 
clusters, proper motion data do not signihcantly help to distin¬ 
guish between cluster and field stars. Thus, the large surveys are 
probably contaminated by these kinds of targets, influencing sta¬ 
tistical works on the Galactic cluster population, for example. 

As an example of a poorly populated and little studied cluster 
candidate, we have chosen ASCC 35. This object was identified 
as an open cluster by K05 using ASCC-2.5 data. The target is 
included in the study by K13 as well, but with nearly identi¬ 
cal parameters. K05 lists 800pc, 0.06 mag, and logf = 8.49 dex 
for the distance, reddening, and age, respectively, while K13 de¬ 
rived 787 pc, 0.062 mag, and log f = 8.48 dex. The agreement of 
the parameters is implausible at first glance because of the dif¬ 
ferences of the used data sources (ASCC-2.5 and 2MASS) in re¬ 
spect of magnitude limit and wavelength. In the absence of any 
other data source in the visual besides the ASCC-2.5 catalogue, 
we used the AAVSO Photometric All-Sky Survey, Data Release 
8 (APASS '), which provides photometry in the bands BVg'r'i' 
down to about V ^ 17 mag. We performed a cross-match with 
the kinematic members listed by K13 and show the 2MASS and 
the visual CMD in Fig. 3. Only stars in the estimated cluster 
area (r = 0?235, K13) are shown in both diagrams that fulfil 
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the photometric and proper motion quality criteria by K13 and 
that have listed kinematic membership probabilities larger than 
60 percent. There is hardly a cluster sequence visible, and the 
isochrone with the parameters listed by K13 (solid line) appears 
to be oriented to a single star. 

To demonstrate the difficulties in the isochrone fitting pro¬ 
cedure, we also included in Fig. 3 an isochrone of the same 
age, but shifted towards a higher reddening and a larger distance 
{E{B - V) - 0.17mag and d - 2200pc). One could argue that 
these parameters provide a more reasonable fit because it covers 
more stars in the CMDs, however, by adopting the larger distance 
and the cluster diameter by K13, the absolute diameter amounts 
to about 18 pc. Only young unbound groups such as associations 
have diameters of that size (Janes et al. 1988). In particular for 
open cluster candidates such as ASCC 35, additional kinematic 
data are important to prove the reality as a cluster and to select 
the most probable member stars. Thus, the study of these targets 
will clearly benefit from the upcoming Gaia data. 

4. Comparison of results for individual objects 

From the list of 54 open clusters that are included in at least five 
studies, we selected seven targets with sufficient B V photometry. 
There is no object that is covered by all considered works, and 
only two clusters (NGC 2158 and NGC 7380) that are included 
in six different compilations. For the presentation of both the vi¬ 
sual and NIR CMD, we used the inner parts of the open clusters. 
The radii were selected in a way to account for the often limited 
held of view of the visual (CCD) studies, to avoid overcrowding 
the CMDs and still deary represent the cluster morphologies. 
The adopted values are listed in the captions of the Figs. 4, 7, 
and 8. Furthermore, we used a standard extinction law (B - 3.1) 
to derive the apparent distance modulus. All NIR studies indicate 
the reddening ratios used between 2MASS colours and E(B-V), 
and for the studies in the visual we adopted E{J - Kf)IE{B-V) - 
0.48 and Ak^- 0.61E{J - Kf) to apply the distance and extinction 
to 2MASS isochrones. These ratios are those used by K13 (see 
Table 1). We used the isochrones by Marigo et al. (2008) for Z 
= 0.019, the metallicity that was adopted by most studies. The 
source for the B V photometry was selected in respect of mag¬ 
nitude limit and coverage of the respective cluster. An overview 
of the cluster parameters is shown in Table 3. For completeness, 
we also list the cluster coordinates adopted or derived by the in¬ 
dividual studies, and the cluster radii derived by K05 and K13. 
Some of the other studies also provide radii, but are defined in a 
different way and are therefore not directly comparable. 

IC 4651: This is the closest open cluster among the eight 
selected targets; it also one of the brightest open clusters. The 
visual and NIR CMD show both a well-defined MS, TO point, 
and red giants clump. Thus, most studies provide parameter sets 
that fit the CMDs very well. However, the TO identified by K05 
is oriented to the bluest brighter stars, which results in a younger 
age compared to all other studies. Obviously, this is owing to the 
limiting magnitude of the ASCC-2.5 catalogue used by K05. 
The stars are probably blue stragglers, but only one is listed as 
bona fide by Ahumada & Lapasset (2007). The input values for 
reddening and distance adopted by K13 are those by K05, and 
have not changed after the fitting procedure. Actually, these are 
the results obtained by Loktin et al. (2001). The age obtained 
by LOl is somewhat too low as well, although some of the data 
sources available at that time provide reasonable coverage of the 
cluster. A reddening of almost zero was derived by T02. How¬ 
ever, Anthony-Twarog & Twarog (2000) used intrinsic colour re¬ 
lations for the uvbyj3 system and estimated E{B - V) 0.10 mag. 
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Fig. 3. The colour magnitude diagrams for ASCC 35 based on stars with kinematic membership probabilities larger than 60 percent. The solid line 
represents the isochrone with the parameters by K13 (d = 787 pc, E(B —V) = 0.062 mag, and log t = 8.48), while the dashed line is an isochrone 
of same age but adopting a larger distance and a higher reddening (d = 2200 pc and E(B - V) =0.17 mag). 


thus confirming the somewhat higher value listed by all of the 
other studies. Because of the lower reddening and the connec¬ 
tion of all parameters in the isochrone htting procedure, T02 also 
obtained the smallest distance and the oldest cluster age among 
all studies. 

NGC 2158: The open cluster NGC 2158 is the faintest and 
also probably the oldest object among the selected targets. All 
studies identihed the distinctive red giants clump, but no inves¬ 
tigation was able to reproduce all features of the cluster CMDs. 
Some results (LOl and T08) are again oriented to the bluest stars 
and do not match the TO at all, others adopt a TO magnitude 
(Bll and GIO) that is too bright, while the results by K13 and 
T02 do not ht the main sequence. The in-depth study in the vi¬ 
sual by Carraro et al. (2002) estimated E{B - V) = 0.55, thus 
the reddening is signihcantly higher compared to all listed stud¬ 
ies in Table 3. This is related to the underabundant nature of the 
cluster, which was taken into account by Carraro et al. (2002). 
Heiter et al. (2014) list an iron abundance [Fe/H] -0.3 dex 
based on medium- and low-resolution spectroscopy. Neverthe¬ 
less, the 2MASS data probably provide a magnitude limit that is 
somewhat too bright to estimate the parameters accurately. 

NGC 2383: The parameters listed in Table 3 differ signih¬ 
cantly especially for the age and the distance. The distances are 
between 1.7 kpc and 3.5 kpc, while the determined age spans val¬ 
ues between 15 Myr (LOl) and almost 500Myr (K13). The stud¬ 
ies by Subramaniam & Sagar (1999) and Vazquez et al. (2010) 
point towards an older age and larger distance. Thus, the result 
by Bll appear to be the most reasonable, although the age is 
somewhat too large as can be noticed in the visual CMD. While 
the actual age is difhcult to determine for the open cluster, de¬ 
pending on the consideration of possible red giants, the distances 
given by K05, K13, and LOl are dehnitely too small. As for sev¬ 
eral other objects, the distance and reddening values are the same 
in these three references. In particular, K13 should have noticed 
that the adopted starting value for the distance does not match 
the 2MASS data at all. 

NGC 2489: The radial velocities of a few giants (Piatti et al. 
2007) conhrm that this cluster has a clump, and it is therefore 
of intermediate age. The automatic fitting by Bll (see Fig 7) 
nicely reproduces the CMD morphology, in line with detailed 


studies in the visual (Netopil & Paunzen 2013; Piatti et al. 2007; 
Ramsay & Pollaco 1992). All the other automatic httings fail, 
suggesting the cluster is much younger. Reddening goes from 
0.37 to 0.74 mag, while distance goes from just 1.1 kpc (T02) 
all the way to 3.7 kpc (K05). The incorrect age derived from all 
the automatic fittings, other than Bll, is most probably related 
to the incapability of detecting the cluster clump, which in spite 
of being sparse and poor, is real. However, K13 provide tables 
for all open cluster with the photometric data and the derived 
membership probabilities for each star in the cluster area. We 
checked the results for NGC 2489 after restricting the star list to 
spatial members that meet the quality criteria for the photomet¬ 
ric and proper motion data (see Sect. 2). The red giant clump is 
still clearly visible, as in Fig. 7, when using kinematic members 
with a probability larger than 80 percent. Thus, K13 has prob¬ 
ably relied more on the adopted input value for the age (taken 
from K05) instead of using an isochrone that hts the identified 
kinematic member stars. The parameters by LOl (and K05) do 
not provide a proper ht. We have not found any data set in the 
open cluster database WEBDA^ that could explain the results by 
LOL 

NGC 2627: This is another example of a well-studied clus¬ 
ter. Numerous works exist in the literature (Ahumada 2005; Pi¬ 
atti et al. 2003; Ramsay & Pollaco 1992), and all coincide that 
the cluster is of intermediate age. However, automatic parame¬ 
ter assignments tend to yield younger ages. Only Bll provides 
a reasonable, but not completely correct, ht. K05, LOl, and T02 
completely miss the cluster. In general, the reddening obtained 
is very low, still the distance varies from 1.5 to 2.7 kpc. One can 
argue that held star contamination complicates the clear detec¬ 
tion of the TO location. This might be true in NIR, but certainly 
not in the visual. The magnitude limit of the ASCC-2.5 cata¬ 
logue is about 12 mag in this held. Thus, the data used by K05 
do not cover the cluster, except for a very small number of gi¬ 
ants. A more careful check of the literature would have helped 
to identify that. Although the CCD data used by T02 (Ramsay 
(& Pollaco 1992) are less numerous than that presented in Fig. 8, 


^ http://webda.physics.muni.cz 
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Fig. 4. The colour magnitude diagrams for IC 4651. The B V data were taken from Eggen (1971) and we used a radius of 5' around the cluster 
centre for both, the visual and NIR CMD. Filled symbols in the NIR CMD represent objects with a 2MASS photometric quality flag of A (S/N > 
10), while open symbols are stars that are covered with a lower photometric quality. 


they still cover the features of the cluster down to about 18 mag 
in V. NGC 2627 is a clear example of automatic htting failure. 

NGC 6603: This is an intermediate-age star cluster projected 
towards the Galactic bar/bulge, at only 12 degrees from the 
Galactic centre, and it stands as a precious example of a rich 
relatively old star cluster in the inner disk. In the literature there 
are a couple of good studies in the visual (Bica et al. 1993; Sagar 
& Griffiths 1998). Both the 2MASS and visual CMD in Fig. 8 
clearly indicate we are facing an intermediate age cluster with a 
clump. The MS termination point is blurred by held star contam¬ 
ination, which is expected to be severe in the Galactic direction 
to NGC 6603. Automatic hts in Fig. 8 produce reasonable ht, 
except for K05, which got clearly confused by bright interlop¬ 
ers from the Galactic held and ends up with untenable results. 
Excluding this particular case the reddening ranges from 0.6 to 
0.8 mag, distance from 1.6 to 3.5 kpc, and age from 8.3 to 8.8 
in logarithmic units. Looking at these hts more closely, it seems 
that in general reddening is overestimated in all cases, except for 
T02, who evidently estimated an age that is too old. An indepen¬ 
dent age indicator is the magnitude difference between the TO 
and the clump, which, if respected, would have helped to get a 
more reasonable result for the age. K13 obtained a better solution 
of the age, but the reddening is too large. A by-eye examination 
conhrms that none of these hts correctly reproduce the cluster 
morphology. 

Tmmpler 14: This object is one of the few young massive 
(starburst) star clusters in the Milky Way (Beccari et al. 2015; 
Negueruela 2014), and is located in the north-west extension of 
the Great Carina Nebula. Since it is a prominent cluster, it re¬ 
ceived much attention in the previous century. Still, its funda¬ 
mental parameters are far from being hrmly settled. One clear 
complication, quite typical in young clusters, is that reddening 
is inhomogeneous across the cluster (Carraro et al. 2004) . Ad¬ 
ditionally, the reddening law towards the Great Carina nebula 
does not seem to be normal (Turner 2012). These two facts dra¬ 
matically complicate any study of the cluster aiming at infer¬ 
ring its fundamental parameters. Besides, Trumpler 14 contains 
a huge population of contracting stars in the pre-MS phase (As- 
censo et al. 2007; Sana et al. 2010). The age of stars in the pre- 
MS (contracting age) is not necessarily similar to the nuclear 


age, namely the age of stars that already are burning hydrogen 
on the main sequence (see e.g. Baume et al. 2003). Trumpler 
14 is therefore a classical example of a star cluster that needs 
to be considered very carefully before deriving its fundamental 
parameters, and the assistance of by-eye-inspection is crucial. 
Beccari et al. (2015) found a large age spread among pre-MS 
stars, conhrming earlier hndings by Carraro et al. (2004). The 
age of the younger pre-MS component is, however, very close 
to the age of stars in the main sequence (2-3 Myr Vazquez et al. 
1996). If the distance to the cluster is inferred assuming a nor¬ 
mal extinction law {R - 3.1), and the same reddening is adopted 
for every stars, this distance will be undoubtedly wrong. Star- 
to-star variations in reddening as large as 0.2 mag have often 
been reported (e.g. Carraro et al. 2004). The plot in Fig. 8 illus¬ 
trates very clearly that it is difficult to decide where to pass an 
isochrone through the 2MASS data points. We refrain from com¬ 
ment on this. Optical data are better, since the main sequence is 
clearly visible. Now, it is readily clear that only the black dashed 
isochrone (K05) is producing a reasonable ht, although redden¬ 
ing is clearly too large. With this reddening, an age smaller than 
log t - 6.67 would help. One of the typical mistakes when trying 
to ht isochrone onto young star cluster sequences is that much 
attention is paid to the main sequence below the TO point of the 
pre-MS (V ^ 15.0 mag). This is wrong because that region of the 
CMD is contaminated by interlopers, and most star members are 
located red-ward, in the pre-MS. If attention is paid exclusively 
to the main sequence, more solid estimates of distance and red¬ 
dening are possible. Table 3 show reddening estimates from 0.45 
to 0.87 and distance estimates from 2.2 to 2.7 kpc. Age ranges 
from 1 to 12 Myr. 


We note that some of the selected objects show peculiarities. 
K13 state in their catalogue that NGC 2158, NGC 2383, and 
Trumpler 14 overlap with other open clusters, however, only the 
outskirts of the clusters are inhuenced by this fact. The central 
parts, which are used, e.g. by K13 for their analysis, are well 
separated or only marginally affected. 
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Table 3. The parameters for the selected open clusters. 


Cluster 

logf 

d 

[pc] 

E(B - V) 
[mag] 

a/6(2000) 
hh:mm:ss / dd;mm:ss 

radius r\lr 2 ^ 
['] 


IC 4651 (5') 

9.15 

1004 

0.15 

17;24:47/-49:56:18 


Bll“ 


8.92 

888 

0.12 

17;24:50/-49:55;48 

5.4/10.8 

K05* 


9.25 

888 

0.121 

17:24:54/-49;56;06 

9.6/14.4 



9.057 

888 

0.116 



LOl* 


9.34 

771 

0.02 

17;24:42/-49:55:00 


T02* 

NGC 2158 (1!5) 

9.10 

4058 

0.44 

06;07:26/h-24;05;46 


BID 


9.30 

3300 

0.34 

06;07:28/h-24;05;53 


GIO'" 


9.33 

4770 

0.333 

06;07:26/h-24;05:31 

8.4/15.0 

K13" 


9.023 

5071 

0.36 



LOl* 


9.20 

5012 

0.40 

06;07:24/h-24;05;00 


T02* 


9.00 

4980 

0.35 

06:07:25/h-24:05:48 


T08“ 

NGC 2383 (2;5) 

8.60 

3494 

0.31 

07;24:41/-20:56:43 


BID 


8.64 

1655 

0.21 

07:24:38/-20:57:00 

3.6/6.0 

K05* 


8.69 

1655 

0.21 

07;24:41/-20:56:24 

4.2/7.5 

K13‘' 


7.167 

1655 

0.213 



LOl* 


7.60 

3048 

0.28 

07;24:42/-20:55;00 


T02* 

NGC 2489 (5') 

8.45 

1846 

0.44 

07:56:17/-30;03:26 


BID 


7.25 

3700 

0.37 

07:56:17/-30;03:36 

3.6/6.6 

K05* 


7.315 

2255 

0.729 

07:56:18/-30;03:58 

4.2/7.5 

K13'’ 


7.264 

3957 

0.374 



LOl* 


8.25 

1148 

0.40 

07:56:12/-30;03:00 


T02* 

NGC 2627 (4') 

9.15 

1871 

0.06 

08:37:13/-29;57;50 


BID 


8.71 

2034 

0.09 

08:37:14/-29;57;00 

4.8/7.8 

K05* 


9.225 

2712 

0.104 

08:37:19/-29;56:42 

5.4/9.9 

K13'’ 


8.566 

2034 

0.086 



LOl* 


8.60 

1515 

0.05 

08:37:18/-29;56:00 


T02* 

NGC 6603 (2') 

8.75 

1900 

0.62 

18:18:28/-18;24:34 


BID 


7.80 

2880 

0.50 

18:18:24/-18;25:48 

3.6/7.2 

K05* 


8.40 

2325 

0.833 

18:18:25/-18:25:48 

4.2/8.4 

K13^ 


8.80 

1570 

0.56 

18:18:30/-18:24:00 


T02* 


8.30 

3495 

0.77 

18:18:26/-18:24:24 


T08“ 

Trumpler 14 (2:5) 

6.85 

2249 

0.87 

10;43:46/-59;33:45 


BID 


6.67 

2753 

0.45 

10;43:55/-59;33:00 

4.2/6.0 

K05* 


6.00 

2248 

0.75 

10;43:55/-59;33:18 

4.2/7.8 

K13'’ 


6.828 

2733 

0.516 



LOl* 


7.10 

2427 

0.50 

10;43:56/-59;33:00 


T02* 


Notes. The radii used for the CMDs in Figs. 4, 7, and 8 are given in parentheses next to the object designations. The parameters were derived 
using NIR 2MASS data. The parameters were derived using data in the visual. : The radius where the decrease of stellar surface density 
stops abruptly; r 2 '. The radius where the surface density of stars becomes equal to the average density of the surrounding field. 


4. 1. Differences in the isochrone fitting procedures 

For all the objects discussed in Sect. 4, the open cluster parame¬ 
ters by LOl do not provide a proper fit to the CMDs. We cannot 
definitely conclude if this is due to the applied method or owing 
to the available data material. One reason could be that most of 
the selected objects are too distant and, therefore, too faint to be 
sufficiently covered by photometry at that time. However, this 
is clearly not the case for IC 4651 (Fig. 4), for which even the 
photoelectric UB V data by Eggen (1971) provide a reasonable 
coverage of the cluster. LOl used the oldest isochrone set among 
all the studies, but there are no significant differences between 
the UB V isochrones by Bertelli et al. (1994) and those adopted 
here (see discussion in Sect. 2). Thus, the reason for the discrep¬ 
ancies might be due to the merging of individual results and the 
weighting scheme. 

The study by K05 adopted the distance and reddening esti¬ 
mates by LOl and other references for many open clusters and 


concentrated on the estimation of the age. Thus, their results are 
affected similar to those of LOl. Here, the magnitude limit of the 
ASCC-2.5 catalogue clearly prevents better results. Lor many 
of the clusters, the isochrones fit the brightest and bluest stars 
in the cluster area. These are, however, either blue stragglers or 
even non-member stars (see e.g. IC 4651 or NGC 2627). Hence, 
K05 probably underestimates the age for several objects. 

T02 used available UB V CCD photometry for their inves¬ 
tigation. The most recent photometric studies adopted by T02 
date back to 1999, and many data originate from the very be¬ 
ginning of the CCD era. Thus, besides the considerably lim¬ 
ited held-of-view of the first CCDs, the photometric accuracy 
probably varies strongly from one to another cluster. Our ref¬ 
erences for the photometric data differ compared to T02 for all 
objects, but NGC 2383. However, even when using the photom¬ 
etry adopted by T02, we cannot conclude which fitting strategy 
was employed. Some results are oriented to the brightest stars or 
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envelope the bluest part of the cluster sequence (NGC 2383 or 
IC 4651), while other isochrone hts are somehow placed in the 
middle of the cluster sequences (e.g NGC 2489 or Tmmpler 14). 

As mentioned in Sect. 2, in their series of papers T08 varied 
the criteria to select the 2MASS data as well as the interstellar 
extinction ratio. The target selection is biased towards little stud¬ 
ied objects, thus there is only a small overlap with most of the 
other studies. Besides the two clusters discussed in Sect. 4, we 
also examined some additional clusters from the compilation by 
T08. Based on the two clusters NGC 2158 and NGC 6603 shown 
in Figs. 7 and 8, it already becomes clear that the isochrone 
envelopes the bluest and brightest parts of the 2MASS CMD. 
However, this procedure seems to fail when inspecting the vi¬ 
sual CMD of NGC 2158, where the adopted TO point is signif¬ 
icantly off from the cluster. For this cluster, one is again faced 
with a mixture of field star contamination and a large number of 
blue stragglers (40 candidates, Ahumada & Lapasset 2007). The 
derived distance and reddening is comparable to most other stud¬ 
ies, but the fitting procedure results in an age that is too young. 
There is a noticeable trend towards the distance compared to K13 
(see Sect. 3). We therefore inspected the 2MASS CMD of one 
of the most distant objects in common (Berkeley 1). K13 esti¬ 
mated a distance of 10.3 kpc, while T08 lists 2.4 kpc (B11 quote 
3.4kpc and T02 even 1 kpc). The isochrone with the parameters 
by T08 again form an envelope around the bluest and bright¬ 
est stars in the area, whereas K13 fitted an isochrone through the 
centre of the distribution of the stars in the CMD. These different 
approaches could explain the discrepancy in distance between 
the two references for several clusters (or candidates). We note 
that Phelps & Janes (1994) question the reality of Berkeley 1 
based on UB V photometry. 

The 2MASS results by B11, in general, show the best agree¬ 
ment if we also consider the visual region. For example, it is 
the only work that identihed the red giant clump in the CMD of 
NGC 2489. Also, for NGC 2627, the parameters fit best in the 
visual. Their isochrone htting approach is comparable to that by 
T08 (oriented to the bluest, brightest stars), but apparently is not 
as strict as that done by T08, resulting in a better agreement in 
the visual CMD. However, there are also some results that do 
not fit correctly (e.g. NGC 2158 or Trumpler 14). Some objects 
were investigated by B11, but were excluded in the larger survey 
by K13. For example, K13 note for Reiland 1 that it is a com¬ 
pact asterism. Furthermore, Bll includes 1C 2156 and IC 2157, 
but, according to K13, IC 2156 is either a clump in the corona of 
IC 2157 or an asterism. 

The study by GIO presents a sample that is of comparable 
size to that by T02, but focussed on cluster candidates they de¬ 
tected in their study. Thus, there is only a small overlap with 
other studies beside K13. Among the selected open clusters, only 
NGC 2158 is covered by GIO. Based on this it is obvious that the 
htting approach is comparable to Bll. This is conhrmed if we 
inspect some of the diagrams presented on their catalogue web¬ 
page ^ 

The 2MASS study by K13 provides the largest sample of 
open cluster parameters, and all seven selected clusters are in¬ 
cluded in this survey. They mention that the additional use of 
kinematic data probably makes their study more reliable com¬ 
pared to other purely photometric approaches. This is certainly 
true, if kinematic members are actually considered in the htting 
solution. The cluster NGC 2489 is a nice counter-example. It 
seems that they place the isochrone, in general, through the cen¬ 
tre of the distribution of the stars in the CMD. Good examples 

^ http://ocl.sai.msu.ru 


for this approach are NGC 2158, NGC 2627, and NGC 6603, 
but also Berkeley 1, which we discussed above. However, these 
results do not ht in the visual. On the other hand, for example, 
in the case of NGC 2383 K13 do not follow this approach. Here, 
it appears that they relied too much on the adopted input param¬ 
eters for distance and reddening. For objects in common with 
K05, they used their previous catalogue for the input values. We 
noticed that these parameters remain in principle unchanged for 
about 15 percent of the targets in common, even for targets more 
distant than 1.5 kpc. As criteria we used 0.05 mag for the true 
distance modulus and 0.01 mag for the reddening, values that 
can be easily achieved by rounding and the transformation be¬ 
tween the visual and NIR. The input values that originate from 
K05 are in most cases the results by LOl (see Sect. 2 and dis¬ 
cussion above). Thus, the comparison with the results by LOl 
cannot be considered completely independent. 

5. Corrections of the open cluster parameters 

In Sect. 3 we presented some basic deviations of the open clus¬ 
ter parameters compared to the data set by K13. Figure 2 shows 
that there are numerous objects with strong deviating results, 
which could influence a detailed calculation of correction terms 
between these samples. Furthermore, any homogeneous compi¬ 
lation can show some systematic trends, depending on the ap¬ 
plied method and approach. Therefore, independent results are 
essential to further validate the cluster parameter surveys. We 
consider the results by individual studies to be an independent 
reference sample, thus works that deal with a detailed analy¬ 
sis of a single open cluster or a small number of objects. This 
sample certainly incorporates different methods and approaches. 
Thus, dependencies in this comparison must originate from the 
respective method of the surveys. 

Paunzen & Netopil (2006) studied the accuracy of open clus¬ 
ter parameters. Besides the use of some surveys also considered 
in the present work (e.g. K05), they also compiled a comprehen¬ 
sive list of open cluster parameters derived by individual stud¬ 
ies. All references are available in WEBDA^. From this list, we 
adopted results published since 1995 (351 parameter sets for 
263 clusters). This should, on the one hand, somehow assure 
the availability of previous studies, and thus a broader range of 
data types and information for the cluster that can be additionally 
used to derive accurate results, and, on the other hand, guarantee 
the availability of modern evolutionary models, like those dis¬ 
cussed in Sect. 2. We updated this parameter compilation with 
more recent studies, resulting in an incomplete final list with 
more than 800 cluster parameter sets for about 450 open clusters, 
taken from almost 300 references. Note that we excluded works 
if an author of one of the parameter compilations was included. 
All the additional references and parameters will be made avail¬ 
able in WEBDA as well. 

We derived mean values for the parameters if more than one 
result was available. The number of estimates for a single param¬ 
eter may vary because some compiled references have not de¬ 
rived the complete parameter set (e.g. van Leeuwen 2009, who 
presented mean parallaxes). Eor 179 open clusters there are at 
least two estimates for each parameter available. In the follow¬ 
ing, we use the sample with mean cluster parameters as calibra¬ 
tors for the results of the surveys. This data set probably provides 
an improved accuracy with an estimate of the errors,. Most im¬ 
portantly, however, the data set provides a sample of true open 
clusters that are confirmed by at least two individual studies. We 

* http://webda.physics.muni.cz/recent_data.html 
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use the other objects of the reference sample with single param¬ 
eter determinations just for additional guidance purposes. 

The comparison between the survey results and the calibra¬ 
tors is shown in Fig. 5. Compared to Fig. 2, even visually a much 
lower scatter is noticeable for most surveys. We exclude GIO for 
now because of the very small overlap with the reference sam¬ 
ple (three calibrators, 12 objects in total). Although the study by 
T08 shows a small overlap as well (about 40 clusters in total), 
one can conclude that these results appear much more erroneous 
than the others. The clear trend with the distance, already no¬ 
ticed in Fig. 2, is confirmed to be due to their fitting procedure 
(see discussion in Sect. 4.1). A correction of these results is im¬ 
practicable because the dependency is owed to the roughly equal 
distances estimated by T08 for most objects. Comparable effects 
can also be concluded for the other two parameters. The strong 
deviating results are not restricted to a single paper of their se¬ 
ries. We therefore do not consider this data set in the subsequent 
analysis. 

The comparison of the age indicates that most surveys devi¬ 
ate at the young and old tail of the distribution. All of the studies 
other than K13 use isochrones starting with log t - 6.6, resulting 
in larger discrepancies towards the very young end. However, the 
deviation already seems to start at a somewhat older age (log t < 
7.0), which is most noticeable in the data by LOl or Bll. The 
parameter determination for very young open clusters is in gen¬ 
eral affected by some difficulties, such as strong differential red¬ 
dening. Furthermore, the studies by Bll, K13, and LOl seem 
to underestimate the age of open clusters older than log t ~ 9.5 
by about 0.3 dex, although the used isochrones are not limited 
as was the case at the young border. One could argue that the 
discrepancy is a result of the use of solar metallicity isochrones 
by the surveys. However, a comparison with mean spectroscopic 
iron abundances (Heiter et al. 2014) shows that the underesti¬ 
mation of the age can be found for underabundant clusters (e.g. 
Berkeley 20 or Trumpler 5), for objects that show roughly so¬ 
lar metallicity (Berkeley 17, Collinder 261), or for overabundant 
clusters (NGC 6791). An inspection of some NIR CMDs in the 
online catalogue by K13 shows that the magnitude limit of the 
2MASS data might be a problem for very old and more distant 
(> 2 kpc) open clusters because only the red giants branch and a 
small portion of the TO (if any) are covered. 

Thus, we adopt the age range 7.0 < logf < 9.5 to obtain 
somewhat unbiased samples for which the results can be directly 
compared. The studies by LOl and T02 used higher values for 
Ry (see Table 1), and we corrected the distance modulus us¬ 
ing Rv - 3.1 and their results for the reddening. However, to 
reduce the influence of this correction, we use only open clus¬ 
ters for the distance calibration that show a reddening lower than 
0.7 mag (T02) or 0.5 mag (LOl). These reddening limits corre¬ 
spond to maximal differences in the tme distance modulus of 
about 0.1 mag, owing to the change of Ry- Finally, we derived 
corrections for the parameters in the form A = a H- b X, with X 
as the parameter value of the calibration sample and A as the dif¬ 
ference between the survey results and the calibrators. For some 
parameters a constant offset appears to be the most reasonable 
solution. The results by T02, for example, need only marginal, 
constant corrections for all three parameters. Table 4 lists all cor¬ 
responding values and the number of objects used for the calcu¬ 
lation. 

In general, most parameters are reasonably scaled. How¬ 
ever, an interesting feature was found in the comparison with 
K13. While the age of clusters older than about 100Myr are in 
agreement to the reference sample, K13 overestimates the age 
of younger objects by almost 0.2 dex. We are not able to iden¬ 


tify the reason for these differences, but it might be related to the 
method used. While K13 determined the age of younger clusters 
with the isochrone-fitting technique, for older objects the mean 
age of the TO stars was derived. As given in Table 4, we sug¬ 
gest applying an additional correction around 100 Myr to allow 
a smooth transition between the two age plateaus. 

Figure 5 shows a clear trend in the reddening derived by B11. 
This might be the result of the isochrone-fitting approach, but 
also caused by a faulty transformation to E{B - V). As listed in 
Table 1, the 2MASS studies by Bll and K13 used different ra¬ 
tios to convert E(J - Xj) to E{B - V). The lower ratio adopted 
by K13 shows better agreement with the reference sample, but 
still appears to be too large. Both data sets suggest a compara¬ 
ble extinction ratio E{J - Ks)IE{B - V): 0.455+0.011 (K13) and 
0.464+0.015 (Bll). The latter is almost identical to the ratio de¬ 
rived by B11 in their comparison with the open cluster catalogue 
by Dias et al. (2002). Both values agree well with the result of 
0.466 by Yuan et al. (2013), who used a synthetic stellar spec¬ 
tral model and the extinction law of Cardelli et al. (1989), how¬ 
ever, they derived empirical coefficients as well, which indicate 
a much lower ratio of 0.414 + 0.010. 

As mentioned earlier, the data set by GIO marginally over¬ 
laps with the reference sample. Thus, we aim to verify it with 
the corrected results by K13. However, this comparison proba¬ 
bly also includes doubtful or poorly populated objects in which 
unique fitting solutions are hindered. For example. Fig. 2 shows 
that several young objects, according to K13, are old objects in 
the compilation by GIO. However, for objects older than logf ~ 
8.3 the results seem to agree. We therefore used only the older 
objects to derive the corrections listed in Table 4 and shown in 
Fig. 6. Objects that deviate significantly in a single parameter 
were excluded completely. The results are certainly affected by 
this selection and have to be used with caution. A more detailed 
analysis has to be performed as soon more objects of the sam¬ 
ple by GIO are independently confirmed and also analysed by 
individual studies. The results by GIO seem to underestimate the 
distance for more distant objects (about 600 pc at a distance of 
4 kpc), but there is also a tendency with reddening comparable 
with Bll. The reddening by GIO was derived using E(J-H) and 
the ratio E(J - H)IE(B -V)-0.33. Thus, the difference could be 
owed to an incorrect ratio as well. The data would suggest 0.282 
+ 0.014, which is again in agreement with the value 0.279, de¬ 
rived by Yuan et al. (2013) based on the Cardelli reddening law. 
However, the direct comparison of E{J - H) with the results tab¬ 
ulated by K13 shows a tendency as well; AE{ J - H) - -0.003 
-Q.Q7QE(J - H). Thus, the found differences are more related to 
the fitting approach. 

Table 5 lists the mean errors of all corrected parameters, 
which are derived using the calibration samples in the adopted 
age range (including previously rejected outliers) as the basis. 
We assume that the errors of the surveys and the calibration sam¬ 
ple are added in quadrature. Therefore, we also derived the mean 
error of the calibration sample using the same objects (given in 
italic style). After the correction, all of the surveys show a com¬ 
parable accuracy and a mean intrinsic error of about 0.2 dex for 
the age, 0.08 mag for the reddening, and 0.35 mag for the dis¬ 
tance modulus. However, the visual studies seem to have a per¬ 
formance that is twice as good for reddening than the 2MASS 
surveys. This indicates that this parameter is probably more dif¬ 
ficult to estimate in the NIR. The study by K13 shows the largest 
error for the age (~ 0.28 dex) and together with LOl also the 
largest error for the distance. In this comparison, we do not con¬ 
sider GIO because of the two-step correction. Table 5 shows that 
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Fig. 5. Comparison of the parameters derived by the surveys with our reference sample. The differences (survey - reference) are shown as a 
function of the reference values. Red symbols indicate the differences in the calibration sample, while black symbols are the differences in the 
remaining reference (single value) sample. 


Table 4. Correction terms for the cluster parameters 



A(m - M)o [mag] 
a b 

AE{B - V) [mag] 
a b 


Alog t [dex] 
a 

b 


Bll 

-0.058(330) 


-0.001(16) -0.108(29) 

7.0 < X < 9.5 

+0.608(226) 

-0.070(26) 

101/104/103 

GIO 

+ 1.797(598) 

-0.166(47) 

+0.027(38) -0.144(42) 

8.3<X<9.5 

-0.007(220) 


98/98/98 

K05 

+0.447(155) 

-0.053(16) 

-0.003(32) 

7.0 < X < 9.5 

-0.049(194) 


63/62/56 

K13 

+0.278(158) 

-0.036(14) 

+0.039(11) -0.052(23) 

7.0 < X < 8.0 
8.0<X<9.5 
7.8 < X < 8.2* 

+0.195(286) 

+0.014(182) 

+3.725 

-0.453 

148/140/30 

111 

LOl 

T02 

+0.591(194) 

-0.029(283) 

-0.058(19) 

+0.002(46) 

+0.010(62) 

7.0 < X < 9.5 
7.0<X<9.5 

-0.113(158) 

-0.051(145) 


67/85/77 

41/48/44 


Notes. The coefficients of a regression A(survey-cal) = a + b X, with X as the parameter value of the calibration (cal) sample, or constant offsets. 
The errors of the last significant digits are given in parentheses. The number of objects used for the calibration of the individual parameters. 
® We suggest applying this correction to allow a smooth transition between the plateaus. 
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Fig. 6. Comparison of the parameters derived by GIO to the corrected results by K13. The differences (GIO - K13) are shown as a function of the 
results by K13. Red symbols indicate the selected calibration sample. 
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Table 5. Errors and statistical properties of the corrected parameters. 


<j(m - M)o 
[mag] 

o-EiB - V) 
[mag] 

cr log t 
[dex] 

N 

AFcal 

Bll 

0.44 

0.14 

0.22 

105 

56 


0.26 

0.07 

0.14 



GIO 

0.55 

0.23 

0.26 

98 

50 

K05 

0.33 

0.05 

0.25 

60 

48 


0.18 

0.03 

0.14 



K13 

0.49 

0.12 

0.31 

144 

56 


0.25 

0.06 

0.14 



LOl 

0.46 

0.07 

0.22 

82 

55 


0.18 

0.04 

0.12 



T02 

0.40 

0.08 

0.19 

46 

50 


0.21 

0.05 

0.12 




Notes. The mean errors of the corrected parameters in the adopted age 
range and the number of objects (N) used for the calculation. The sec¬ 
ond line in italic style gives the mean error of the respective calibration 
sample itself (note that GIO was compared to K13). The agreement fac¬ 
tor was calculated for objects in common with the calibration sample 
(AFcai) for the age range 7.0 < log t <9.5. 

the age, for example, has a lower error than the results by G13, 
although both errors should add in quadrature. 

In agreement with the conclusion in Sect. 4.1, the results 
by Bll are among the most accurate, in particular, if directly 
compared with the other large survey by K13. Surprisingly, the 
work by T02 shows slightly smaller errors than Bll, although 
the comparison of the individual objects in Sect. 4 would not 
indicate that. The selected clusters are therefore probably not a 
perfect gauge for the average performance, but they still show up 
the difficulties to obtain proper cluster parameters. 

We again use the agreement factor AF, already introduced 
in Sect. 3, as a measure of the overall agreement of the results. 
With the individual errors at hand, we first derive the AF of the 
surveys using the calibration sample. This provides us with a ref¬ 
erence value, the percentage that can be expected for a sample 
that consists of true open clusters. This AF^ai is almost identi¬ 
cal for all surveys and amounts to about 50 % (see Table 5). The 
adopted errors are about half the values used in Sect. 3 and Table 
2. Finally, we repeat the calculation of the agreement factor by 
comparing the corrected survey results with K13 (AFkh). As a 
limit, we use the individual parameter errors, which were added 
in quadrature after removing the error contribution of the cali¬ 
bration samples. On average, the limits are about 0.13 mag for 
E(B - V), 0.55 mag for the distance modulus and 0.33 dex for 
the age. Furthermore, we use the corrected age by K13 to re¬ 
strict the samples to the adopted age range 7.0 < log t < 9.5. One 
might expect comparable values for AFcai and AFki 3 , unless the 
samples include a larger percentage of problematic cases. These 
could be poorly populated objects with an ambiguous CMD (see 
e.g. ASCC 35 in Fig. 3), clusters with a high degree of field star 
contamination, or even doubtful open clusters. 

While there is a rough agreement between both AF values 
for the studies by LOl and T02, the others show larger devia¬ 
tions. The data by K05 result in an unexpected increase of the 
agreement factor by 14 %, which might be the result of the close 
connection between the surveys by K05 and K13. We already 
discussed in Sect. 4.1 that for about 15 % of the objects the re¬ 
sults have not changed between the studies (at least distance and 
reddening). On the other hand, the agreement between the large 
and independent surveys by Bll and K13 is 23% lower than 
AFcai- The difference would be even larger when also including 


objects younger than lOMyr because K13 suggest a very young 
age for numerous objects, while Bll estimate an old nature (see 
Fig. 2). Thus, the sample by B11 probably includes at least 20 % 
of problematic objects. It is very likely that this value, or even 
a larger one, also holds for K13, who presented parameters for 
almost four times more objects, the majority of them not studied 
in detail so far. A similar conclusion could be drawn for the sam¬ 
ple by GIO (AFki 3 = 38). However, the samples used for these 
calculations are biased because the results by K13 were used to 
derive both AF values. 

6. Summary and conclusions 

We presented a comparison of the open cluster fundamental pa¬ 
rameters; distance, age, and reddening, compiled from seven dif¬ 
ferent studies. These parameters represent results based on dif¬ 
ferent photometric data and/or approaches to analyse the charac¬ 
teristics of open clusters. 

First of all, we performed a comparison in respect to the 
largest study by K13 to derive some basic statistical properties. 
The mean standard deviation for the distance, age, and redden¬ 
ing amounts to 1.2 kpc (or 0.8 mag for the true distance modu¬ 
lus), 0.5 dex, and 0.27 mag, respectively. For some objects, the 
results differ even by 8 kpc for the distance or 3 dex for log f. 
At first sight, the large errors are clearly disappointing because 
open clusters are routinely considered as bona fide objects for 
which it is relatively easy to derive accurate parameters. Some 
studies show clear trends in the distance or age (see Fig. 2). In 
particular, the errors for the reddening, in general the best-known 
parameter for open clusters (Paunzen & Netopil 2006), appear to 
be quite large. This error, translated into total absorption Ay, al¬ 
ready amounts to about 1 mag. Thus, one has to carefully check 
a cluster parameter set, if it is used to derive photometric temper¬ 
atures, luminosities for individual cluster stars, or a luminosity 
function of an open cluster, for example. 

Furthermore, we used a selection of open clusters to identify 
the isochrone-fitting strategies. We found that no study was able 
to reproduce the cluster morphologies of all the selected clus¬ 
ters (IC 4651, NGC 2158, NGC 2383, NGC 2489, NGC 2627, 
NGC 6603, and Trumpler 14) in a correct and consistent manner. 
However, we identified the study by B11 as the most reliable, at 
least for this small sample. To identify difficulties in the respec¬ 
tive methods, a much larger number of open clusters must be 
analysed in a similar way. This sample must cover the complete 
age and distance range and a varying field star contamination, 
with several already well-studied objects in each group. Despite 
the difficulties in finding this kind of sample, with a growing 
number less time can be spent to interpret an individual object 
and the respective results. The small amount of time that can 
be spent on a single target is probably also a critical issue in all 
these large compilations. Another possibility is to generate simu¬ 
lated open clusters for different groups to analyse. A comparable 
‘blind’ analysis was initiated by Lebzelter et al. (2012) to explore 
the reliability of different approaches to derive the effective tem¬ 
perature, logg, and elemental abundances of cool giants. 

Next, we compared the cluster parameter surveys with an ex¬ 
ternal sample for which we used mean parameter values derived 
from a large compilation of individual studies. These calibrators 
can be considered a sample of true open clusters, which are con¬ 
firmed by at least two individual studies. We derived correction 
terms by excluding very young and very old objects because both 
groups showed larger systematic deviations for various reasons. 
We found that most survey results are in general properly scaled, 
however, some show trends or constant offsets of varying degree. 
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One study (T08) was excluded because the results were too er¬ 
roneous. This is probably because of their isochrone-fitting ap¬ 
proach, which is oriented too much to the brightest objects. For 
another work (GIO), which also includes a large percentage of 
little studied objects, we were only able to verify the parameters 
by a comparison with the corrected results by K13. Thus, the 
derived corrections are probably biased by the sample selection. 
The surveys show a comparable accuracy after the correction, the 
mean intrinsic error (Icr) amounts to about 0.2 dex for the age, 
0.08 mag for the reddening, and 0.35 mag for the distance mod¬ 
ulus. These values are clearly more promising than the errors 
given earlier. We noticed that the visual studies have an accuracy 
that is twice as good for the reddening than the 2MASS sur¬ 
veys. Thus, the reddening is probably more difficult to derive in 
the NIR. The inclusion of visual data in the cluster analysis will 
certainly help to further improve the accuracy of all parameters. 
Furthermore, we found that an extinction ratio E(J-Ks)IE(B-V) 
= 0.46 provides the best match to the external calibration sample. 

Finally, we found that the extensive 2MASS studies by Bll 
and K13, but probably also GIO, include at least 20% of the 
problematic objects. For this percentage, the cluster results dif¬ 
fer significantly for several reasons. These could be poorly pop¬ 
ulated objects with an ambiguous CMD, clusters with a high 
degree of field star contamination for which all cleaning pro¬ 
cedures failed, or even doubtful or unlikely open clusters, which 
do not facilitate an unambiguous fitting solution. The reason that 
parameters are almost always provided in the literature might 
be related to the challenging assumption about the reality of the 
cluster. Although, K13, for example, already excluded 11 per¬ 
cent from their input list as dubious objects. Nevertheless, the 
derived non-negligible percentage has to be taken into account if 
these parameter compilations are used for some statistical stud¬ 
ies of the cluster population. Although most surveys provide rea¬ 
sonable results for the majority of objects, the blind use of the pa¬ 
rameters of a single object, for example, to derive the luminosity 
function or to derive the mass for a particular cluster star, could 
lead to erroneous results as well. However, this will probably 
also hold for cluster parameters taken from individual studies. 
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Fig. 7. The CMDs for the open clusters NGC 2158, NGC 2383, and NGC 2489. The B V data were taken from Carraro et al. (2002), Subramaniam 
& Sagar (1999), and Piatti et al. (2007), and we adopted a cluster radius of l;5, 215, and 5' for NGC 2158, NGC 2383, and NGC 2489, respectively. 
The symbols are the same as in Fig. 4. 
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Fig. 8. The CMDs for the open clusters NGC 2627, NGC 6603, and Trumpler 14. The B V data were taken from Ahumada (2005), Sagar & Griffiths 
(1998), and Carraro et al. (2004), and we adopted a cluster radius of 4', 2', and 2;5 for NGC 2627, NGC 6603, and Trumpler 14, respectively. The 
symbols are the same as in Fig. 4. 






































